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Objective: The aim of this study was to analyze our 25-year experience with surgical treatment of visceral artery aneurysms
(VAAs), with particular attention paid to early and long-term results.
Materials and Methods: From January 1982 to September 2007, 55 patients (32 males, 58%, and 23 females, 42%)
underwent surgical treatment of 59 VAAs. Only one patient was treated with an endovascular procedure. Mean patient
age was 59.3 years (range, 36-78 years). The site of aneurysmal disease was splenic artery in 30 (50.8%) cases, renal artery
in nine (15.2%) cases, common hepatic artery in seven (11.9%) cases, pancreaticoduodenal artery in four (6.8%) cases,
celiac trunk in three (5.1%) cases, superior mesenteric artery in two (3.4%) cases, and gastroduodenal, inferior mesenteric,
middle colic and right gastroepiploic in one (1.7%) case for each artery. Two (3.6%) patients had multiple VAAs. In five
(9.1%) patients, an abdominal aortic aneurysm coexisted. Early results in terms of mortality andmajor complications were
assessed. Follow-up consisted of clinical and ultrasound examinations at 1 and 12 months, and yearly thereafter.
Long-term results in terms of survival and aneurysm-related complications were analyzed.
Results: In all but two cases, elective intervention in asymptomatic patients was performed. Two (3.6%) patients had a
ruptured aneurysm (one pancreaticoduodenal artery and one middle colic artery). The one perioperative death was due
to an acute pancreatitis in a patient operated on for a giant inflammatory splenic artery aneurysm, yielding a perioperative
mortality rate of 1.8%. Twomajor complications (retroperitoneal hematoma and acute pancreatitis) were recorded. Mean
duration of follow-up was 82.1 months (range, 0-324 months). Estimated 10-year survival rate was 79.5%. During
follow-up two aneurysm-related complications occurred, with an estimated 10-year, aneurysm-related, complication-free
survival rate of 75.2%.
Conclusion: In the era of minimally invasive therapeutic approaches, elective open surgical treatment of visceral artery
aneurysms is safe and effective, and offers satisfactory early and long-term results. ( J Vasc Surg 2008;48:334-42.)Aneurysmal disease of the visceral arteries is a relatively
uncommon yet potentially catastrophic condition.1-5 Vis-
ceral artery aneurysms (VAAs) include renal and splanchnic
lesions. Renal aneurysms have a low incidence rate in the
general population (0.01%-0.09%),6 whereas the incidence
of splanchnic aneurysms ranges from 0.1% to 2%.1-3,7 In the
splanchnic aneurysm group, the splenic artery is the most
common site of aneurysmal disease (60%), followed by the
hepatic arteries (20%), celiac trunk (5.5%), superior mesen-
teric artery (4%), gastric and gastroepiploic arteries (4%),
intestinal arteries (3%), pancreaticoduodenal arteries (2%),
gastroduodenal artery (1.5%), and the inferior mesenteric
artery (1%).
In part because of their rarity, no strong consensus
exists in the literature concerning the indications for treat-
ment of VAAs. Although the natural history of VAAs is
largely unknown, rupture occurs frequently when the max-
imum aneurysmal diameter exceeds 2 cm, which is the
current generally accepted threshold for treatment of
asymptomatic lesions.1,4-6,8 Open surgical repair provides
satisfactory perioperative results, particularly in elective
From the Department of Vascular Surgery, University of Florence,a and the
Department of Vascular Surgery, University of Rome, Tor Vergata.b
Competition of interest: none.
Reprint requests: Raffaele Pulli, MD, Department of Vascular Surgery,
University of Florence, Viale Morgagni 85, 50134, Florence, Italy
(e-mail: rpulli@unifi.it).
0741-5214/$34.00
Copyright © 2008 by The Society for Vascular Surgery.
doi:10.1016/j.jvs.2008.03.043
334cases; however, there is a paucity of data concerning long-
term outcome.9-13
The purpose of this study was to retrospectively evalu-
ate early and long-term results of our 25-year experience
with surgical treatment of VAAs.
MATERIALS AND METHODS
From January 1982 to September 2007, 3105 open
and endovascular interventions for abdominal aneurysms
were performed at our institution. Data concerning all
interventions including preoperative, intraoperative, and
postoperative variables were prospectively collected in a
dedicated database. A post hoc analysis of this database
performed to identify all the patients operated on for
visceral artery aneurysms identified 55 patients. All hos-
pital charts for these patients as well as the database
analysis were reviewed. Preoperative variables included
demographic data, risk factors, comorbid conditions,
and clinical and anatomic features. Intraoperative data
collected included surgical approach, type of reconstruc-
tion, and associated procedures. Postoperative data in-
cluded clinical events and follow-up.
Once the VAA was diagnosed and the indication for
treatment was noted, preoperative diagnostic workup con-
sisted of a computed tomography (CT) scan and, in se-
lected patients, digital subtraction angiography. Early re-
sults in terms ofmortality andmajor complications (defined
as surgery-related complications requiring reintervention
or a longer hospital stay) were assessed and reported on the
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and ultrasound scan examinations at 1 and 12 months, and
yearly thereafter. All patients had at least one CT scan
Fig 1. Giant aneurysm of the right renal artery. A, Pr
C, Aneurysmal resection with primary closure.
Fig 2. Splenic artery aneurysm. Aneurysmal resection with end-
to-end anastomosis.during follow-up.Long-term results were analyzed in terms of survival




Patients were predominantly male (32/55, 58%), with
a mean age of 59.3 years (range, 36-78 years). Indications
for surgical treatment included a maximum aneurysm di-
ameter greater than 2 cm in asymptomatic patients, and
symptomatic lesions regardless of the diameter.
The site of aneurysmal disease was splenic artery in 30
(50.8%) cases, renal artery in nine (15.2%) cases, common
hepatic artery in seven (11.9%) cases, pancreaticoduodenal
artery in four (6.8%) cases, celiac trunk in three (5.1%)
cases, superior mesenteric artery in two (3.4%) cases, and
gastroduodenal, inferior mesenteric, middle colic and right
gastroepiploic all in one (1.7%) case each. Two (3.6%)
patients had multiple VAAs, which were simultaneously
treated: In one patient, a renal artery aneurysm was associ-
ated with a pancreaticoduodenal artery aneurysm (renal
rative selective angiography. B, Intraoperative finding.eopeaneurysm treated first), whereas in the other patient four
c arte
JOURNAL OF VASCULAR SURGERY
August 2008336 Pulli et alsynchronous aneurysmal localizations (celiac trunk, com-
mon hepatic artery, splenic artery, right gastroepiploic ar-
tery, treated in this order) were present.
In 52 (94.6%) patients, the diagnosis was incidentally
made during examinations performed for unrelated ab-
dominal diseases; in all these patients no specific symptoms
were present. In one patient with a giant splenic artery
aneurysm, the diagnosis was suggested by an evident pul-
satile abdominal mass on physical examination. The re-
maining two (3.6%) patients had abdominal pain associated
with acute anemia; CT scan demonstrated the presence of a
contained ruptured aneurysm of the pancreaticoduodenal
and middle colic arteries, respectively, and urgent interven-
tion was performed in both cases.
Five patients (four with renal artery aneurysms and one
with a superior mesenteric artery aneurysm) had a concom-
itant abdominal aortic aneurysm, which in all cases was
repaired first during the same operation. In one patient
with a splenic artery aneurysm, a benign pheochromocy-
toma coexisted. Sixteen of seventeen females operated on
Fig 3. Common hepatic artery aneurysm. A, Preoperat
opening and resection. D, Primary closure of the hepatifor a splenic artery aneurysm were multiparas.Early results
Renal artery aneurysms. Nine patients were operated
on for renal artery aneurysm (seven males, 78%, and two
females, 22%), with a mean aneurysm diameter of 2.7 cm.
Four of nine patients had arterial hypertension; however,
no renal insufficiency was noted. An abdominal aortic
aneurysm coexisted in four (44.5%) patients. Different
surgical approaches were used in these patients. A pros-
thetic aortorenal bypass was performed in the four patients
simultaneously treated for abdominal aortic aneurysm. In
the five patients with isolated renal aneurysms, aneurysmec-
tomy with end-to-end anastomosis was carried out in three
cases, aneurysm resection with saphenous vein patch clo-
sure was performed in one case, and aneurysmorrhaphy was
performed in one patient with a distal aneurysm location
(Fig 1). No perioperative deaths or major complications
occurred.
Splenic artery aneurysms. Thirty patients were oper-
ated on for splenic artery aneurysms. Splenic aneurysms
were saccular in 26 cases with a mean diameter of 4.3 cm.
gio-CT scan. B, Intraoperative finding. C, Aneurysmal
ry.ive anAneurysmal degeneration of the entire artery was present in
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had a giant aneurysm, with a maximum diameter greater
than 6 cm.
The aneurysm was completely resected in 28 cases. In
22 cases the splenic artery was reconstructed with an end-
to-end anastomosis (Fig 2), whereas in five patients the
distal location of the aneurysm required splenectomy. In
one case a partial aneurysmectomy with proximal and distal
ligation of the splenic artery without splenectomy was
performed, and one patient underwent aneurysmorrhaphy.
In the remaining patient with a giant aneurysm involving
pancreatic parenchyma, an endovascular procedure via a
right transfemoral approach using a balloon-expandable
polytetrafluoroethylene-covered stent was performed.
Histopathologic examination of the aneurysm wall
demonstrated typical atherosclerotic lesions in 15 (50%)
cases and fibrodysplasia in 13 (43.3%) cases, and typical
changes associated with an inflammatory aneurysm were
noted in one case.
One death due to acute pancreatitis occurred in the
Fig 4. Aneurysm of the celiac trunk. A, Preoperative an
the celiac trunk.perioperative period in a patient operated on for a giantinflammatory aneurysm without a prior history of pancre-
atitis. This was the only perioperative death in the entire
study group, for an overall 30-day mortality rate of 1.8%.
One patient developed a large retroperitoneal hematoma
on the second postoperative day, which at exploration was
drained with no evidence of active bleeding. The patient
was given fresh plasma derivatives, and a follow-up CT on
the fourth postoperative day demonstrated nearly complete
hematoma reabsorption. An additional patient was read-
mitted on the seventh postoperative day for persistent
abdominal pain; a CT scan demonstrated the presence of
peripancreatic effusion without a significant increase in
pancreatic amylase. The patient was medically treated with
antibiotics and pancreatic inhibitors, with complete resolu-
tion of symptoms and CT findings.
Hepatic artery aneurysms. Six males and one female
underwent elective surgical treatment for hepatic artery
aneurysms. One patient had multiple VAAs. In all cases the
aneurysm was located in the common hepatic artery. Iso-
lated aneurysmectomy was performed in three cases (Fig
T scan. B, Intraoperative finding. C, Primary closure ofgio-C3), aneurysmectomy and patching with autologous vein in
nd p
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ing two patients, partial aneurysmectomy with proximal
and distal ligation of the common hepatic artery was per-
formed. In one of these two cases, blood supply from the
gastroduodenal artery was inadequate and prosthetic sple-
nohepatic bypass was carried out. No adverse events oc-
curred in the perioperative period.
Aneurysms of celiac trunk andmesenteric arteries. In
this subgroup, six patients were operated on (five males and
one female). Three patients had involvement of the celiac
trunk (in one case the patient had multiple VAAs). Two
patients had an aneurysm of the superior mesenteric artery
and one patient an aneurysm of the inferior mesenteric
artery. One of the two patients with an aneurysm of the
superior mesenteric artery had a concomitant abdominal
aortic aneurysm, whereas an inflammatory aneurysm was
detected in the other patient at pathological examination.14
In three patients, the aneurysm was opened and re-
paired with an interposition tube graft in a fashion similar to
that used to repair aortic aneurysms, in two cases isolated
aneurysmectomy was performed (Fig 4), and the remaining
patient had aneurysmectomy and patching with saphenous
vein. No deaths or major complications occurred in the
perioperative period.
Aneurysms of peripancreatic arteries. Four aneu-
rysms of the posterosuperior pancreaticoduodenal artery
and one aneurysm of the gastroduodenal artery were
surgically repaired. All patients were female. One patient
with a pancreaticoduodenal aneurysm had a concomitant
renal artery aneurysm. One patient was operated on for a
ruptured lesion. One young female with a large pancre-
aticoduodenal aneurysm had an extrinsic compression of
celiac trunk by the median arcuate ligament, which was

















Celiac trunk and mesenteric arteries 6 Resection and tub
Aneurysmectomy a
Aneurysmectomy a
Peripancreatic arteries 5 Aneurysmectomy w
Gastric and bowel arteries 2 Aneurysmectomy a
Aneurysmectomy aresected.In all the cases aneurysmectomy with end-to-end anas-
tomosis was performed. There were no deaths or compli-
cations in the perioperative period.
Aneurysms of gastric and intestinal arteries. Two
male patients underwent surgical treatment of a ruptured
middle colic artery aneurysm and of a right gastroepiploic
artery, respectively. The middle colic artery was repaired
with aneurysmectomy and patch closure with autologous
vein, whereas the gastroepiploic artery (in a patient with
multiple VAAs) was repaired with isolated aneurysmec-
tomy. No perioperative deaths or major complications
occurred.
Overall intraoperative data and early results are pre-
sented in the table.
Long-term results
Follow-up was available in 49 (89.1%) patients, with
a mean duration of 82.1 months (range, 0-324 months).
Five patients were lost to follow-up. During follow-up
six deaths occurred, with an estimated 1-, 5- and 10-year
survival rates of 98%, 98%, and 79.5%, respectively (Fig
5). There were no aneurysm-related deaths. The cause of
death was cancer in three patients; in the other three
cases, acute myocardial infarction (two patients) and
massive gastric bleeding from peptic ulcer (one patient)
occurred. Aneurysm-related complications occurred in
two patients.
A 38-year-old female with a fibrodysplastic renal artery
aneurysm was treated with aneurysm resection and patch
closure, but at 2 months she developed severe arterial
hypertension unresponsive to medical treatment. Duplex
ultrasound scan and CT angiography demonstrated a high-
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without the need for further antihypertensivemedical treat-
ment.
Another young female operated on for a fibrodysplastic
splenic artery aneurysm developed a limited, asymptomatic
splenic infarction, which was detected 1 year postopera-
tively during a routine CT scan in the presence of normal
patency of the reconstructed splenic artery.
Cumulative estimated 1-, 5- and 10-year, aneurysm-
related, complication-free survival rates were 95.9%, 93.7%,
and 75.2%, respectively (Fig 6).
One patient was operated on for rectal cancer 10 years
postoperatively; two patients (one operated on for splenic
artery aneurysm and the other for renal artery aneurysm)
underwent surgical intervention for abdominal aortic aneu-
rysm at 10 and 11 years, respectively, whereas another
patient underwent urgent successful intervention for a type
A aortic dissection 15 years postoperatively. Another pa-
60 72 84 96 108 120
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5 11Fig 5. Long-term survival (Kaplan-Meier curve with number ofMonths 0 12 24 36 48
Patients (no. at risk) 48 45 40 35 31
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atively. Finally, one patient developed a small ascending
aortic aneurysm, which is still under follow-up.
DISCUSSION
The pathophysiology of VAAs is still incompletely un-
derstood and each aneurysmal location presents its own
unique features. Atherosclerosis seems to play a secondary
role in the development of these lesions and does not always
represent the first pathologic mechanism.15-21 Association
with abdominal aortic aneurysm is rarely described, which
was also our finding.
The natural history of untreated VAAs remains un-
clear.21-23 These aneurysms seem to have a slow growing
progression, with a diameter-related risk of rupture; how-
ever, most reports in the literature are retrospective surgical
studies that describe patients who have undergone surgical
intervention.
60 72 84 96 108 120
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7 11Fig 6. Long-term, aneurysm-related, complication-free survival
(Kaplan-Meier curve with number of patients at risk and SEMonths 0 12 24 36 48
Patients (no. at risk) 48 43 38 33 29
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imaging has made early diagnosis in asymptomatic patients
more frequent, reducing the risk of rupture and allowing
the treatment of a large number of asymptomatic lesions.
Once the diagnosis is made, the indications for treatment of
asymptomatic VAAs remain controversial because of the
lack of prospective studies evaluating the natural history of
these lesions. As is our policy, there is a current general
consensus for the need to treat asymptomatic VAAs greater
than 2 cm and symptomatic ones regardless of size.1,3,6,8,22
The choice of surgical technique is dictated by the involved
artery, the localization of the aneurysm, the surgeon’s
experience, and the urgency of intervention (emergent or
elective).
In patients with renal artery aneurysms, the site of the
lesion and its morphology are the factors that mainly affect
surgical strategy. Saccular lesions limited to the proximal
renal artery may be treated with aneurysmectomy and
patching or end-to-end anastomosis, whereas aneurysms of
the mid or distal renal artery are usually repaired with
prosthetic bypass graft,6,24 as was our strategy. In complex
cases (multiple or intraparenchymal aneurysms) ex vivo
repair of the kidney represents an alternative approach,25
reserving nephrectomy for only limited and highly select
cases.
Splenectomy was the most common operation in the
past in patients with splenic artery aneurysms26; however,
several studies have highlighted the importance of splenic
preservation9 to prevent infectious complications in the
perioperative period. Splenic artery aneurysms are often
saccular and localized in the proximal or middle third of the
artery; for this reason aneurysmectomy with end-to-end
anastomosis can be safely performed with preservation of
the spleen.8,21,27 In our experience, we used this approach
most often. An alternative approach is simple ligation of the
splenic artery, considering that blood supply can be main-
tained through the short gastric arteries; we used this
approach in one of the three giant aneurysms, without signs
of ischemic lesions of the spleen in the perioperative period
and during follow-up. However, as vascular surgeons, we
believe that, whenever possible, an end-to-end anastomosis
is quite simple and does not affect the safety of the inter-
vention. In the presence of hilar and intraparenchymal
aneurysm location, surgical reconstruction of the artery can
be impossible and splenectomy unavoidable, as in five cases
of our series.
Similar surgical strategies can be adopted for the treat-
ment of hepatic artery aneurysms.8 Proximal and distal
ligation of the hepatic artery provides a low-risk solution;
however, evaluation of the blood supply provided by the
gastroduodenal artery on the basis of the color changes of
the liver parenchyma is crucial.28 In our experience one
patient required splenohepatic bypass after ligation of the
proximal common hepatic artery. When a simple ligation is
not possible, aneurysmectomy with reconstruction of the
artery is mandatory. In some cases of distal or intraparen-
chymal lesions, a resection of the involved liver parenchyma
may be required.In patients with mesenteric and celiac aneurysms, sur-
gical techniques range from simple ligation to anterograde
bypass from the aorta.29 In our series, we did not adopt
these techniques and instead preferred to restore the pa-
tency of the involved artery in all the cases, thus preserving
all the collateral vessels near the aneurysm.14
Finally, for gastric, intestinal, and peripancreatic aneu-
rysms, which interestingly were more common in our series
than in previously reported studies, surgical treatment of-
ten consists of ligation of the artery or resection of the
aneurysm with end-to-end anastomosis.21,30 In our series,
we always reconstructed the continuity of the artery.
The adoption of adequate surgical strategy in patients
with VAAs results in low perioperative mortality and mor-
bidity rates (0%-5%) after elective surgery.3,6-12,31 Also in
our experience early results were excellent, with 30-day
mortality and combined mortality and morbidity rates of
1.8% and 5.4%, respectively. Interestingly, all perioperative
major complications occurred in patients operated on for
splenic artery aneurysm. This type of aneurysm represented
the largest subgroup of patients in our series, which may
have influenced our results. Moreover, particularly in the
presence of large aneurysms located in themiddle and distal
part of the artery, the dissection of the lesion can be difficult
and the risk of pancreatic and splenic injuries can be sub-
stantial.
Long-term results of surgical treatment of VAAs were
associated with high survival rates and a low incidence of
aneurysm-related complications, confirming the excellent
durability of a surgical approach in these patients. No
aneurysm-related deaths occurred and only two aneurysm-
related complications were recorded during follow-up,
with one case being completely asymptomatic. Further-
more, the need for reintervention was limited to one case,
suggesting the curative role of surgical intervention in these
patients.
Recently, two promising new options have emerged:
the endovascular approach with coil embolization or stent-
graft repair and the laparoscopic treatment with arterial
ligation.32-35 Selective catheterization of the involved ar-
tery and embolization of the aneurysm by coils have been
proposed in high-risk patients and for the treatment of
ruptured VAAs.32,33 However, our two cases of urgent
intervention for aneurysmal rupture occurred in 1983 and
1998, respectively, largely before the introduction of endo-
vascular surgery in our department. Moreover, the risk of
coil embolization resulting in incomplete exclusion of the
aneurysm has been reported in the literature32; this finding
has caused us to take a cautious approach to routinely
applying this technique. Stent-graft repair could be partic-
ularly used for the treatment of aneurysms when the sur-
rounding structures are involved34; in our series we used
this approach in one patient with a giant splenic artery
aneurysm located inside the pancreatic parenchyma and at
high risk of postoperative pancreatitis. In our opinion, an
endovascular approach may be reserved for such select
patients, considering that the frequent tortuosity and re-
dundancy of visceral vessels make endovascular repair more
JOURNAL OF VASCULAR SURGERY
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young, making them a low surgical risk. Laparoscopic
operations have been proposed for the treatment of splenic
artery aneurysms35; however, we did not have experience
with this surgical approach in our series.
CONCLUSIONS
Elective surgical treatment of asymptomatic VAAs
larger than 2 cm is safe and effective, with low perioperative
mortality and morbidity. In long-term follow-up, surgical
repair is extremely durable with few aneurysm-related com-
plications. Results for alternative therapeutic approaches
should be compared with those of open surgical repair.
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